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摘 要 
 随着各类视频、社交媒体应用的兴起，移动通信网中面向内容的数据流量需
求持续扩大。如何高效地完成海量内容的分发是移动通信网络面临的挑战。本论
文基于跨层设计的思想提出了一种机会性的无线内容分发网络。它的特点在于能
够感知移动网络中的冗余容量，并根据冗余容量的大小机会性地向用户推荐和分
发内容。机会内容分发网络作为一种次等网络，能够充分利用存量的网络资源向
用户提供内容分发服务，而且不会影响现有业务的服务质量。论文介绍了机会内
容分发网络的基本架构，并且从系统设计的角度提出一种差异化流量通信管道的
方案和相应的接入控制方法。 
本文从理论上深入分析了机会内容分发网络的吞吐量、时延、阻塞概率等性
能。首先，我们在会话层上对系统进行建模，应用优先级队列模型分析了机会内
容分发网络的时延性能，推导了包括冗余容量的大小、及其分布情况、次等流量
强度等因素与传输时延的关系，并且揭示了允许机会内容接入的可行域。其次，
针对实际中无线通信链路的特点，论文进一步采用离散时间马尔可夫模型建立了
包括应用层、数据链路层和物理层的跨层系统模型。在这个模型的基础上分析了
内容长度与传输性能之间的联系。我们不仅评估了系统的平稳态性能：平均阻塞
概率、平均吞吐率和平均时延，同时也获得了更精细的关于时延的概率分布。 
我们的研究发现机会内容分发网络的性能不仅与冗余容量大小、及其分布情
况密切相关，而且内容长度也将影响传输时延的性能。尤其对于在机会内容分发
系统中需要根据冗余容量状况选择合适的内容进行分发，我们发现传输时延、阻
塞概率与吞吐率之间存在一定的权衡关系。我们的这些研究发现能够为实际系统
的设计和优化提供有益的理论参考。 
关键词：蜂窝网；机会内容分发；马尔可夫链；排队论 
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Abstract 
 With the popular trend of social media applications, mobile data demand for 
content will continue to expand in the future. It is a great challenge for the network to 
efficiently handle the distribution of mass content. In this paper, based on the idea of 
cross-layer design we propose a novel network architecture: opportunistic wireless 
content delivery networks. It is characterized that a dynamic content service is 
provided by sensing the network capacity and opportunistically recommending the 
content tailored to available redundant capacity to users. Such service is regard as a 
kind of secondary service which can fully utilize spare resources of network without 
degrading the QoS of existing data service. This paper introduces the basic 
architecture of opportunistic wireless content delivery networks. Besides, we propose 
a kind of virtual communication pipe for opportunistic content delivery and the 
corresponding access control method. 
 This paper theoretically analyzes the QoS metrics of opportunistic wireless 
content delivery networks. First of all, we apply priority queuing model at session 
level to analyze delay performance of the opportunistic service, revealing the relation 
between transmission delay and amount of available capacity, distribution of 
redundant capacity, intensity of secondary traffic etc factors. We also show the 
feasible region for opportunistic access. Secondly, according to the characteristics of 
the actual wireless communication link, the paper further uses discrete-time Markov 
chains to establish a hierarchical system model that incorporates physical layer, data 
link layer and application layer. Through such hierarchical system model, we analyze 
the impact of content file size on various QoS metrics such as the blocking probability, 
throughput and delay. Not only do we assess the steady-state performance of the 
system, but also gain the precise probability distribution of delay. 
 Finally, our research found that the QoS performance of opportunistic wireless 
content delivery networks is closely related to available capacity. Moreover, the size 
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of content will directly affect the transmission delay of opportunistic content service. 
Especially for proper control of the content size within opportunistic content delivery 
networks, we found that there exists a certain trade-off relationship between the delay, 
blocking probability and throughput. Our study can provide a useful theoretical 
reference for the design and optimization of the actual system. 
Key Words: Cellular network; Opportunistic content delivery; Markov chains; 
Queuing theory
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